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0.5 A/g电流密度下循环 500圈几乎不衰减，可保持 420 mAh/g的比容量。 
2、将 MOFs 和石墨烯复合制备的材料 Co3(HCOO)6/GNs用于锂离子电池的
负极，提高了首圈库伦效率，获得了较好的循环和倍率性能。在 0.5 A/g电流密
度下循环 300 圈可维持 880 mAh/g 的比容量，容量保持率在 88 %以上，在 5.0 
A/g的大电流密度下依旧可得到 526 mAh/g以上的比容量。 
 3、ARC 测试表明 Co3(HCOO)6/GNs 复合材料具有很好的安全性能，在储
锂态和脱锂态的条件下，其最大自放热升温速率均低于 1.0  ℃/min。 
4、从石墨烯的酸处理过程、复合材料的合成方法以及石墨烯含量的改变等
方面研究它们对 Co3(HCOO)6/GNs复合材料电化学性能的影响。 























With the rapid growth of new energy vehicle market and the demand for longer 
battery life of lithium-ion batteries in recent years, developing a new generation of Li-
ion battery materials with high power density and energy density has become a 
hotspot in current research field. Metal-organic frameworks (MOFs) are one kind of 
2D or 3D materials with highly ordered network structure through coordinate bond 
formation between metal ions and organic ligands. MOFs have potential application 
in the field of energy storage because of their unique frameworks. 
This thesis focuses on the preparation and application of M3(HCOO)6 and its 
composites in lithium-ion batteries, the main contents are as following: 
1.  M3(HCOO)6 (M=Co, Ni,  Mn) were synthesized via liquid-phase diffusion 
method, and their electrochemical performances as anode materials for Li-ion 
batteries were studied. Although having similar frameworks, they showed different 
electrochemical properties. Co3(HCOO)6 exhibited the best cyclic performance 
among them. It can keep the specific capacity of 420 mAh/g under the current density 
of 0.5 A/g after 500 cycles and the capacity shows almost not decay.  
2.  Co3(HCOO)6/GNs composite was prepared by the combination of MOFs and 
graphene. It exhibited excellent cyclic and rate performances as anode material in Li-
ion batteries. The specific capacity can be maintained above 880 mAh/g at the current 
density of 0.5 A/g after 300 cycles and the capacity retention rate is 88 %. The 
composite can still exhibit morn than 526 mAh/g at 5.0 A/g. 
3.  ARC results indicate that the composite has a great safety performance, and 
the maximum of self-heating rate is below 1.0  ℃/min at the state of lithiated and 
delithiated. 
4.  The influence on the electrochemical performance of Co3(HCOO)6/GNs was 
studied from three aspects, including acid treatment process of graphene nanosheets, 
synthesis methods of the composite and the change of GNs content.  
5.  XPS tests show that the valence of Co has not change in discharging/ 
charging processes. Meanwhile, FT-IR results manifest that the chemical environment 
of organic ligands retains stable. The lithium-storage mechanism of the composite 
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1.1  锂离子电池简介 
1.1.1  锂离子电池的发展历程 
锂离子电池（Lithium-ion Battery）的研究起始于 20 世纪 50、60 年代，它
是在锂二次电池的基础上发展而来的，而最初的锂二次电池是采用 Li 作负极材
料。金属锂在所有金属元素中是质量最轻、电极电位最低（E= -3.04 V vs.SHE）
的，其理论比容量可达 3860 mAh/g，因此 Li 作为一个理想的负极材料被用在
电池中。早在 1949年法国人 Hajar就获得锂电池专利，但直到 60年代才开始出
现有关于二次电池的应用。1980 年，Whittingham 提出了以金属锂为负极，六





















































































图 1. 1  锂离子电池放电过程示意图 
Fig.1. 1  Schematic description of discharge process of lithium ion battery 
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